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' NATIONAL ADViSCRY C+E4YTi_fE FOR AERCNAOTICS

TECH)_CAL NOTE NO. 1261

F_FECT OF _ARiABi_S IN WEIr!NO. TFCf_IQUE ON THE ST_V@.]NGTHOF

DIRECT-CUP_RR_Yf _?AL-._RC -_/ELDFD J01_$ IN AIYCRAZT STEEL

I - STATIC TENSION P_D BENDING FATI_-_ TESTS OF

JOINTS IN Sf_E 4130 STEEL S_ET

By C. B. Vold_ich and E. T. Armstrong

SUI_,iARY

Arc-weld_d butt Joints in i/8--!nch SAE 4130 steel ahe_t of aircraft

quality, which were made tuuder various conditions cf welding and heat

treatmentj were t_sted to evaluat_ the effects cf specific welding--

tecD_ique factors on the strength of the Joint_. Th_ results of th_ t_n--

sil_ tests indicated that crater b!owholss, or crater cracks_ produced by

interrupting the weld_ had the most pronounced Influencs cn the trans-

verse tensilo strength of the butt-welded specimens] that position cf

weldir_ had no significant effgct on the termlle strength of any group of

specimens; that preheating producsd no increas_ in either the soundness

or strength of th_ welds] and that w61ds made with alloy-steel electrodes

were stronger than those made with plain-carbcn-steel electrcdes. It was

found that the factor having the greatest influence on the plate-_ending

fatigue strength of the welded specimens was the external stress-raiser

at the toe of w_lds in the reinforced speclmsns.

I_Y_RODUCT!0N

Th_ increasing use of metal-arc wel£1ng in the fabrication of ste_l

aircraft structures, brought about by th_ desire for Increased production

and ether advantage_ inherent in the m_tal-arc-w_lding method, has also

brought into focus certain of its limitations. The level of weldability

of aircraft steels, for example, is a very important factor, and the suit-

ability of various types of electrodes for aircraft welding has be_n _x--

tensiv_ly inv_stlgat,d. The development of proper welding t_chniques has

also b_@n giwn much attention, since experienc_ has shown that many of

th_ difficulties in th_ fabrication of welded airframes, such as distor-

tion, cracking , and certain types of weld defects_ may ha_ their _rigin

in faulty Welding te6Y_ique.
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The ir_fluence of weld pen3tration, contour, craters, _ndercuttlng,
and similar factors on the strL_ctural integrity of aircl_ft joints is
recognized, but the degrees in _hich these factor._ affect the static and

_" yet • unde._tood investigation wasdynamic streDe_n are not f_ly . This
originally set up to st._dy the effect of thos_ factors a_uds_veral others,
such as har_ess, grain size, _.d ch_mJ.c_J-_o_osition grad13L_s, on the
strength of Joints in ,_;_ )_l_Oai_cv&ft steel veldc,d by the direct-curr_nt
metal-arc method. These factors ar_ _ufluenced by the skill cf the weld-
ing operatorj type and _ize of electrode, _elding current, speed and posi-
tion of welddng preheat, heat troat1c_entafter _s!ding, an_l- the size, gecm-
eti_y, degr-oeof restraint, and sue'face conditions at the weld Joint.

The investigation reported herein was ccnSuctsd in_d_r the sponsorship
and with the financial assist,_noo cf the Ea,ienal Advisory Committee for

Aeronautics.

MATERIALS _'/_DEQL_I_._NT

Steel._ All r.etal-arc-weld_d specimens for the static tension and

bending fatigae tests described in this report wer_ made from aircraft-

quality SAE 4!30 steel sheet_ 1/8-inch thick. The chemical composition

and strength of the material are given in table 1.

Weldin_ electrodes.- The electrodes used in the welding of th_ tegt

specimens were a plain-carbon-steel electrode and an aircraft welding

electrode which produces an alloy-steel weld metal. It was specified, on

th_ basis of a questionnaire sent to aircraft factories, that Wilson No.

520 and Lincc_ Planeweld No. 1 electrodes be used.

WeSdi_g machine.- It was further specified that a direct-current

motor-generator welding machine, of the type designed for airframe weld-

ing, be used. The use of crat_r-elimlnating devices (remote current

control) was not desired.

STATIC TENSION TESTS OF METAL-ARC-WELDED SAE 4130 STEEL S_ET

Preparation of Specimens

Welded tension specimens were prepared in I/8-1nch SAE 4130 sheet as

shown in figure 1 with welding conditions as given in table 2. For each

combir_ticn of welding conditions (electrode_ preheat, position, and heat

treatment after weldi_@), eight tension specimens were made. Four of

these specimens had a weld made in a continuous bead with the arc break,

when required, outside the boundaries of the tension coupon. The four

II
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other specimens were z%ado with dis¢cntf_11e.us welds; that is, the weld was

stopped_ the crater cl_q_j_d in the usual mal_r_r, and welding resumed at

defi_.te points a!cDg the !eng0h of th_ weld groove. The tension specl-

mens were then cut to inclu@e the interrupted portions of the w_lds.

The welds were made manually in a single bead from one side only,

with current and speed adjusted to obtain the maximum root fusion poss_-

ble _zithout the specimen melting through. Neither metallic nor refrac-

tory strips were used te back up the weld groove. The single-bead weld

was used, rather than a Joint wel_d from bo_h s_des, because (a) the one-

side butt weld is often enccuntsred in aircraft work _d is more sensitive

to inte_mal defects, (b)it was desired to test. a weld with no secondary

heat effects resulting from a root or rei_crclr_ pass, and (c) the second

pass would have eliminated incomplete fusion at the root, which was also
to be studied.

The face of the sing!e-bead weld and Irregalarlt!es on the root side

were _round approximately flush with the surface of the sheet, but no et-

te_0t was made to remove undercuttir4 or tecbtaln a perfectly _lush or

smooth surface.

Th_ _mperage and arc voltage reported in table i, as well as _n

succeAding tables of welding data, wer_ measured as accurately as possi-

ble with sensitive meters. Preheat tumperatures were measured to ±I0 e F.

Welding speeds (arc time) were measured with a stop watch. All stress-

relief and heat treatments of SAE 4i30 steel specimens (including butt-

welded sheet and fillet-welded tube-plate specimens, reference l) were

done in a salt bath, except that drawing of quenched specimens was done

in an electric muffle furrmce.

Radiographs of Weld Joints

After machining, all specimens were X-rayed to locate the interrupted--

weld ar_as and other defects. Prints of these X-rays are shown in figures

2 to 17, with the _ltlmate tensile strength of each specimen and the weld-

Ing conditions used for _ach group of elgh_ specimens.

Although the four specimens at th_ left of each radlcgraph had con-

tinuous welds and were means to be as sound and fully welded as possible,

there were numerous instances in which these welds had pronounced defects,

principally lack of fusion at the root. With one or two exceptions, how-

ever, the presence of these defects in the continuous welds did not seri-

ously reduce the static tensile strength.

In the four specimens at th_ right in each radiograph, the number of

weld defects was considerably greater, and there were distinct indlcaticns

of crater blowholes, transverse crater cracking, and Lncomplete fusion at

the start of the second pass. These defects in the interrupted welds had
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an appreciable effect cn the static t_nsi!e strength. The presence of a
flaw in the intarrupt6d w_ld did not in evsry case cause a reduction in
strength, but if the results are analyzed by groups, it becomesevident
that the continuous welds were stronger than the interrupted welds, even
though the radiographs in somecases indicate that one group was no better
than the other.

Static Tension Tests

The ultimate tensile strength for each specimen is shown in the
radiographs, and the average str_r4th for esch group of four specimens is
given in tabl_ 3A. These data show clearly that the effect of weld inter-
ruptions is to reduce the static t_sile strength of the in_n_diate weld
area. It is interesting to note that bhe pcsiti,,n of welding had little
effect on the strength of the Joints; indeed, in this series of tests the
average strength of the overhead welds was slightly greater than the
strength of th_ flat and vertical wolds. Preheat, likewise, had no dis-

cernible effect on the strength of th_ welded joints. This might not be

the cas_, however, for Joints in material thicker than 1/8 inch.

The effects of heat treatment after welding are also given in table

3A. Th_ welds _ade with plain-carbon-steel electrodes gained about 30

percent in t_nsile strength, for both continuous and interrupted welds,

as a r_,sult of the heat treatment used. The welds made with alloy-steel

electrodes gained 40 percent (int(_rrupted welds) to 50 percent (continu-

ous welds) in strength after heat treatment.

A summary of the statlc-tensicn-test data is given in table 3B and

shows the decrease in tensile strength caused by interruptions in the

weld.

An analysis of the location of tension fractures is _iven in table

3C with significant points as follows:

i. All heat-treated specimens made with carbon-steel electrodes

failed in the weld.

2, All heat-treated interrupted-bead specimens made with alloy-steel

electrodes failed in th,) weld.

3. Most of the h@at-treated continuous-bead specimens made with

alloy-steel electrodes failed in the weld.

4. All as-welded interrupted-bead specimens made with carbon-steel

electrodes failed in the weld.

I i!
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5. O_er cne-th_rd of the as---_elded contim_cus-bead specimens made

with carbon, steel electrodes had weld Joints stronger than

the parent plate.

6. T_ee-fourths of the as-welded Interfered-bead specimens made

with allcy-_teel electrodes failed in the weld.

7. Only one-fourth of the as--welded continuous-bead specimens msde

w!th alloy-steel electrodos failed in the weld.

FATIGTTE TESTS OF _,_TAL-:f_RC4_ELDED E,_E 4130 ST_L SB_ET

PreFaraticn of SpecLmens

Metal-arc-we!ded fatigue-test specimens were made from 1/_-!nch SAE

4130 steel sheet as sho_m in figar_s 18 and 19 with welding conditions

described In table 4. Nor_mallz_d plates wets used for all speclm_ns, but

no heat treatment after welding was used,

The butt Joint was a 90 ° closed slngle grocer. (See fig. 18.) The

weld was made either with two beads (root and face), or with a sing_le-

face bead, by uslng plaln-carbon-steel welding electrodes. Some speci-
mens In each set were made with continuous manual welds across the entire

width of the plate, and others wer_ made with interrupted welds to pro-

duce a crater at the center of the s_eclmen. (See groups 3, 4, 7, and 8,

fig. 18.) After the first half of the interrupted face bead was co_@leted,

the crater was wlr_-brushed but otherwise not disturbed. The remalnlng

bzlf of the bead was then welded with sufficient pause at the crater to

permit good penetration in that area. No attempt was made, however, to

fuse completely the crater cracks or blowholes.

The plates were preheated to 300 ° F before weldlr_ in order tO ob-

tain easy starting conditlcns and unlformpenetratlen for the entire

length of the weld. In the two-bead specimens th_ root weld was m2.de

first, so that the fac_ weld could be deposited more easily with higher

heat input and maximnmpenetratlon without dar_er of melting t_hrough th_

feather edge of the scarfed J¢int. The welding current, arc voltage, and

welding time were measured with autcmatlc reoording equipment and are

glv_n in table 4.

The welded specimens were then milled with th_ aid ef atemplet and

Jig to the contour shown in figure 19. This taper contour provided for

a c_nstant f_ber stress In the region of the weld when the specimens were

tested In bending fatigu_ as cantilever beams. After contour millir_,

half of th_ specimens were ground on both sides to a smooth surface with

no weld reinforcement (groups 2, 4, 6, and 8_ fig. 18). The remaining

sp_clmen_ were l_ft with the natural w_ld reinforcements (groups 1j 3, 5,
and 7, flg. 18).
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Ra_icgraph_ cf W_Id Joints

Prior to fatL_u_ test_tog, all welded specimenswere _-rayed to bring
out int_T_! defests at the we_Sa. The radZographs are shown in figures
21 to 28. Th_ location of fatigue failure is ind/cated in the radiographs
by horlzcntal arrows _od is discussed in the succeeding sections.

Fatigue Tests

The plate-bending fat_eue te_ts w_re carried out on a lO0-pcund
capac._ty K.rouse p?.ate--bend!_ _-_chine with a maximum deflection of -+l inch.

Tn_ _,specimens were grinl,ed at Zhe wide taper end, and the load was applied

at the narrow taper end th-_'ouA_,a crank ai_, th_ throw of which could be

adjusted by mean_ of an _ eccentric rotor. A typical specimen ready for

testi_4_ is shown in figure 20.

In order to obtain th_ maximum fiber stress in the reduced section

of the test specimen, several representative specimens were first cali-

brated by measuring th_ deflection at the lead end for several increments

of dead-weight leading. The stress for a given deflection was computed

from th_ cantilever-beam formula, and the testing machine was then adjusted

f_r deflections to produce the desired stress in the region of the w_ld.

In crd_r to check this method, a repr@sentative surface-ground speci"

men was e_lipped with electrical-res_stsnce strain gages on both surfaces,

sparldng the weld zone_ and the stresses at various deflections were meas-
ured. It was found that the stresses measured by the strain-gage method

ch_cked within 5 percent of the stresses com2ut_d by the lcad-deflecticn

m_thod.

Th_ several groups of specimens were loaded at various stress lezels

(s_e table _) and the test was carried to failure, or to net less than

about 5 million cycles of completely reversed bending stress. All speci-

mens w_re tested in the as-welded condition. The fatigue strength of the

specimens is given in table 5, _nd the data are graphed in figures 29 and

30. These fie_res also show reference S-N curves, taken from another in-

vestigation on 1/8-inch SAE 4130 steel with the same mechanical and chem-

ical properties, for unwelded specimens with no surface treatment and

with the surfaces ground smooth.

Results of tests on two-b_ad weld specimens.- Figure 29 shcws the

fatigue strength of specimens with face and r_ot beads, with continuous

and interrupted welds, and with full reinforcement and a surface-ground

weld. The specimens with two-bead, continuous, surface-ground welds

(group 2) had the highest fatigue strength, which was appreciably higher

than that of the unwe!ded control specimens with no surface treatment

(line B), but be!ew that of surface-ground unwelded plate (line A). The

I
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fatigue stn_r4_th of _<_q0 2 was p_O_}lJ il_ _o_d by the lower strength

of the wald. metai (t':-to_p@f.J._._E-_i'_iled ¢:I th_ weld and two in the fusion

l!ne)_ although no Inteiw._al we_d effects _ore discern/ble in the radi:_-

graphs (figs, 22(a)_n,d 22(b)).

ThB varied location of the group 2 fatigue fractures also indicated

that the decrease in fatigue str_3x_th from the lin_ A level could not be

attributed solely to weldi_ effects. It is believed that the surface

decarburization remaining in th_ spec_n_ns (the surfaces of which wer_

not machined so deep as the line A spaclmens) c_tributed t) the decrease

in fatigu_ strer4th. It is also si_ificant that the group 2 specimens,

which had only a few thcusemdths of an inch removed from the surface,

wer_ strc..u_gerin fatigue than the line B un_;elded specimens which had no

surface treatment.

Continuous two-bead w_.id specimsns with full reir2orcement (group i)

had a much lower fatigue strergth than similar eurfac_-grcund specimsns

(group 2). In all cases the specimens in group 2 failed at the toe of

th_ larger (face) bead and thus indicated the pronounced effect of the

stress concentration at that p_int. (See radiographs, figs. 21(a) and

2!(b) .)

The interrupted-weld sPecimens with full reinforcement (group 3)

also failed at the t_e of the face bead. (See radiographs, figs. 23(a)

and 23(b).) Probably there were internal defects at the point ef inter-

ruption of the wold_ but they are not visible in the radiographs and, if

prgsent, had n& chance to influence the fatigue strer_th because of the

greatur influence of the external stress--raiser at the toe of the face

bead. Figure 29 shows that the toe-of-weld stress-_cncentration effect

was greater for the interrupted-weld specimens (group 3) than for the

cen_inuous-weld specimens (group 1). This is possible becaus_ the face

bead in the group 3 specimens was higher and fuller with incipient over-

lapping at the weld in%erruption.

Th_ surface-ground, interrupted, two-bead welds (group 4) had a

higher fatigue strength than the companion specimens with full reinforce-

m_nt (group 3). The radiographs in figures 24(a) and 24(b) indicate that

the location of fatigue failure of the group 4 specimens was influenced

by the presence ef crater defects at th_ weld interruption, although th@

fatigue strength of weld metal itself may have _md an effect.

It is significant that the interrml defects in the specimens of

group 4 had a less deleterious effect on the plate-bondin_ fatigue

strength than th_ external toe-of-wold stress-raisers (which might well

be called d$fects as far as fati&_e strength is Concerned) in the ccmpar_

i_n group 3 specimens. In bending, the surfac_ cf the specimens is more

higF_y stressed than the inte_al f!ber_. In axial l¢,ading th_ stress i=

n_arly uniform across the section, and internal d_fects _f the ma@nitudo
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sh_'_nin fJ._res 24(a) and 2_'(b) would nc doubt exert a greater influence
on fatigue str_h.

Results of tests on sJngl._b_ad weld spe_ime-pso-Finite 30 presents
the fatigue data on speoL_onswiti_ _ t, -,c_n_n1_o_sand.inter._mpced si_gle-boad
welds with and wJtho1_t_eld reinforcem_t. There is no significant dif-
ference in the fatigue behavior of the various types of welds (groups 5,
6, 7, and 8) so far as the S-N dat_ are concerned. The or_ly group which
departed appreciably from the base line B for uzwelded specimens is group
8, in which larg_ cratsr blowholes were present at the weld interruption.
(See radJcgraphs, fig. 28.)

The contlnuous sing] ._-bead s!:rface-g_ound specimens (group 6) failed

outside the weld zone at the e_d of the tapered section because of th_

s_condery stress concentration at the c_ge of section at the grip.

(See fig. 26.) The two _ots of specimens w_th roir2orcement intact

(groups 5 and 7) failed at th_ toe of the weld. Group 7 had internal

crater defects of considerabl_ siz_ (see fig. 27, particularly specimen

586-7), but thes_ had no effect on the fatigue strez_th.

T_pical fatigu_ frsctures.- Figures 31, 32, and 33 show typical
plate-bonding fatigue f_a_ur_s for the various types of weld specimens.

DISCUSSION OF RESULTS

Static Tension Tests

The most pronounced influence on the transverse tensile strength of

the butt-welded specimens appeared to be that ef th_ crater blowholes or

crater cracks, which were produced by interrupting the weld. In most

cases this co_lltion caused a decreas_ in the strength from that of com-

panion continuous-weld specimens which had no crater defects.

Some of the continuous-weld specimens had ether weld defects (lack

of complete penetration to the root of the weld)_ but these had less ef-

fect on the transverse tensile strength than the crater defects in Int_ _-

rupted-weld specimens.

The position of welding had no significant effect on the tensile

strength of any group of specimens, other c.:_nditions being equal.

Preheating of the plates to 300 ° F produced no increase in either

the soundness or strength of the welds. This does not mean that preheat

_s urm_cessary in metal-arc welding of the aircraft structural ste_ls.

It is often desirable to use preheat to prevent cracking of th_ ste_l

adjacent to the weld_ The present indications are, however, that
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preheating is of doubtful value as a means of improving the quality of

welds (absence of crater or root defects) in thin plates°

The welds mada with alloy-steel electrodes were strcnger than those

made with plsin-carbon-steel electrodes. The degree and character of

weld defects $_ere comparable for both types of electrodes_ but the added

strength of the alloy-steel welds helped to nullify the effect of weld

defects. The alloy-steel welds also showed a greater increase in strength

when heat treated after welding.

It is to be noted that all these data are for single-bead welds with

the face reinforcement removed. If the weld_reinforcement had not been

removed 3 the increased cross section at the weld undoubtedly would _ve

caused more failures in the parent plate or at the fusion zone at higher

strengths. In such w_lds the _ffect of Int_rr_l defects would be less

pronounced than when the reinforcement is removed.

Fatigue Tests

In the eight types of w_Id-Jolnts tests (see fig. 18)_ thAre were

two principal differences:

I. The Joints eltner had the natural weld relnfcrcement or were

machined flush with the surface of the plates.

2. The Joints _ither had a sound weld (continuous bead) or a weld

wlth internal crater defects (interrupted bead).

The factor which had the greatest influence on the plate-bending

fatigue strength of the welded specimens was the external stress-raiser

at the toe of welds in the reinforced specimens. The internal stress-

ralsers 3 caused by crater blowholes or cracks, caused failure only when

the w_ld reir_orc_ment (and hence the external stress--raiser) was removed.

The probable explanation for thls was that in the plate-bendlng testj the

surface had a higher stress than th_ internal fibers. If a _uiformly

distributed stress were used (axial tension fatigue) the influence of Ir_-

ternal defects would be more pronounced. However, the effect of external

stress-ralsers at the t@e of reinforced welds would still be critical.

No specimens were tested in this series which were heat treated

after welding. Results of tests on other plates of welded specimens (ref-

erence l) indicate that while the fatigue strength may improve if the ten-

sile strength is increased by heat treatment, the effect of stress concen-

trations arising from geometry of the Joint Is very great and all but

vitiates any Improvement der_ved from heat treatment.
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The pr_sent tests sh_ _cze _*idence t_hat surface decarburizaticn

exerts a mark6d i_Jf_uance on fatigue strength. This is indicated by the

tests of surfac_-gro_ sp_imen_ and as-relied specimens (see fig. 29)_

but the test data for _h_ m_ta!-sz_-welded specimens are insufficient for

conclusion. Howe_er 3 the results of other _nve_tisatio_s of th_ fati_le

strength of SAE 4130 stsel show qu_te conclusively that decarburizat_on

may be an impcrt_u t factcr. This has little to dc with welding tec_mique,

but is m_ntiened here becanse most of the commercially supplied aircraft

steel of the 4130 type is decarburlzod to som_ d_grse at the surface.

Since the most critical stress COncentrations in we!ded aircraf_ steel

parts are eftsn at the surface_ adjacent to velds3 the added _rn_lue_tce of

the decarburized layer with its lower imherent fatigue strength should not

b_ @verlook_d in a consideration cf fatigue behavior.

Batt_ll_ M_mcrial Institute_

Cob2ubus, Chio, May 1244.

I_.wFEE,ENCE

i. Voldrlch , C. B., _z_stror@, E. T., and Jackson, L. R.: Effect cf

Variables in Welding Techniqu_ on the Strength of D_roct-Current

M_tal--Arc-Welded Joints in Aircraft Steel. II - Repeated Stress

T_sts of Joints in SAE 4130 Seamless Ste_l Tubir_. NACA TN No.

1262, 1947.
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TABLE I. PROPERTIES OF 1/8-1NCH SAE h130 STEEL SHEET (i)
USED FOR KETAL-ARC BUTT WELD TENSION AND FATIGUE

TEST SPECIMENS

p- $

|

0.023 0.o17

•023 .020

Per Cent (Mill Analysts)
Cr

O .9_

.95

_O

0.21

.23

Yield Strength,

p.e.i.

Sl,hOO

Mechanical Propertie6

Elongation,
% in 2"

Rockwell B

Hardnes=

(I) Hot-rolled;nonzalized and drawn to strength shown.

97,500

Ultimate Tensile

Strength, p.s.i.

22 92
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TABLE 3B. SUMMARY OF TENSILE STRENGTH DATA

Electrode

Carbon s_eel

Carbon steel

Alloy steel

Alloy steel

Both

Both

Both

Heat

_eatment

As welded

Q a D

As welded

Q & D

As welded

Q & D

Both

_sit_ons

and

Preheat

All

All

All

All

All

All

Joints with

Continuous

Welds

IOS,SOO

157,000

I02,500

154,100

102,800

145,600

Joints with

Interrupted

Welds

88.400

116,700

1OO,5OO

IS9,C_X)

94,500

128,2OO

All 124,200 111,3OO

Per Cent Decrease

in Tensile Strength

oi Interrupted Welds

15

15

2

9

8

12

I0

TABLE 30. LOCATION OF STATIC-TENSION FRACTURES

IN BUTT'W_LDED SPECIMENS IN 1/8-INCH

SKEET

(See also Figures 2-17. inclusive)

Character
of

Weld

Cont-

I nuou s

Electrode

Used

Carbon

Steel

-_Yo7 -
Steel

Heat

Treatment
After

Welding

Number Relative Number

of of Fractures:

Tension in

Tests Parent in

Made Plate Weld

AW 16 6 i0
Q & D 16 0 16

Q a D 11 2 9

Inter-

All conditions 59 20

Carbon AW , 16 O

Steel Q & D 15 O

....
_ 3_6 o_

All conditions 6_

Relative Percentage

of Fractures:

in

Parent in

Plate Weld

62
0 i00

- "/5 25
ig g2

q

39 3M 66

16 o I00

15 O 100

12 75
16 o lOO

59 6 9_
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NACA TN No. 1261 Fig. I

CONTINUOUS WELDS

SAE 4130 SHEET ,,_

I NTERRUPTED WELDS
X=FINISH AND START OFWELD

80"-90 ° ( CRATER )

S INGLE PASS WELD

(REINFORCEMENT

f GROUND FLUSH)

_,.! LOSEOROOT
WELD JOINT DETAIL

FIGURE I-

BUTT- WELDED SPECIMEN FOR STATIC TENSION TESTS
OF JOINTS WITH CONTINUOUS AND INTERRUPTED WELDS.
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NACA TN No. 1261 Fig. 18

CONTINUOUS FACE BEAD (2)

CONTINUOUS ROOT BEAD (I)

INTERRUPTED FACE BEAD(2)

o°.o .........

CONTINUOUS ROOT BEAD (I)

a
_ -- __ • v

r2
GROUP h WELDED BOTH

SI DES, CONTINUOUS BEADS,

WITH REINFORCEMENT.

2,_ GROUP 2'. SAME AS

l _ ) GROUP I,WITHSUR-FACES GROUN D SMOOTH.

(2

GROUPS: WELDED BOTH
SIDES_INTERRUPTED

FACE BEADjWITH REIN-
- FORCE MENT.

2,_ GROUP 4: SAME AS

I _ _ GROUP3,WITH SUR-
i, FACES GROUND SMOOTH.

CONTINUOUS FACE BEAD(I)

NO ROOT BEAD

L_..4

GROUP5: WELDED FROM

GROOVE SIDE ONLY,CON-

TINUOUS BEAD, WITH

REINFORCEMENT.

GROUP 6 '.

SAMEAS GROUP5,WFTH
SURFACES GROUN D

SMOOTH.

GROUP. 7: WELDED FROM

GROOVE SIDE ONLY, I N -

TERRUPTED BEAD)WITH
R El NFORCE MEN T.

GROUP 8. SAME AS GROUP

7, W ITH SURFACES
GROUND SMOOTH.

FOR ALL GROUPS, JOINT WAS 90 "DEGREE S1NGLE,-VEE BUTT,CLOSED ROOT,WITH

ALLWELDING DONE IN THEFLAT POSITION. FOR JOINTS WELDED FROM BOTHSIDES

THE ROOT BEAD, I _ WAS WELDED FIRST, FROM THE ROOT SIDE.

FIGURE 18 -DETAIL OF WELD JOINT IN t/8- INCH STEEL PLATE SPECIMEN FOR

BENDING- FATIGUE TESTS.
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NACA TN No. 1261 Fig. 19

L

}II/EI-D ED FATIGUE-TEST JPE_IMEN

i

L

Dr///ond,,'e_mQ//,6o_s /_"d/om. I I I .....

--'_ i_ .... @.... ---5 _:=+-_

I :1
ggp ////,9" 4"

+- .i,++

,_, + _ '_; i!+ I,+I+I+ i,, I _ I +i:
• _8,,+ _ I: ' '

TSMPLST FOg FA T/_GE-TE,ST SPEE/MEAI

FIGURE 19- SPECIMEN AND TEMPLET FOR PLATE 8ENDING-FA TIGUE TEST
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NACA TN No. 1261 Fig. 20

29261

Figure 20.--Krouse plate-bending machine with welded specimen in place for fatigue test.
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NACA 29TN No. 1261 Fig.

II

A',REFERENCE S-N CURVE FOR UNWELDED libS.A.E.4130 STEEL

SHEET{ NORMALIZED)SURFACE-GROUND BOTH SIDES TO 0.08"

THICKNESS TO REMOVE ROUGHNESS AND DEGARBURIZED

SURFACE LAYER.

I " - -4B: REFERENCE S-N CURVE FOR UNWELDED /8 S.AI:.. 130 STEEL
SHEET (NORMALIZED) TESTEDWITH AS-ROLLED SURFACE.

7O 70

6O 60

5O 50

ui
n"
0
0
0

f.h

nr
l--
u3

Z

Z
LIJ
nn

4O 4O

5O 50

20
10 4 IO5 I0 6

CYCLES OF REVERSED STRESS

20

10 7

WELD TYPE

0 2 - BEAD CONTINUOUS,FLUSH

1"I2- BEAD INTERRUPTED'FLUSH

• 2- BEAD CONTINUOUS,REIN FORCED

II2"BEAD INTERRUPTED, REINFORCED

LOCATION OF FAILURE

p-UNAFFECTED PLATE .

f- FUSION ZONE

t- TOE OF LARGE WELD BEAD,

w- CENTEROF WELD.

FIGURE29.-BENDING- FATIGUE TESTS OF TWO - BEAD

BUTT WELDS IN I/,.,-INCH S AE 4130 STEEL SHEET
U

M ETA L-ARC

9554
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NACA TN No. 1261 Fig. 30

i¢

A REFERENCE S-N CURVE FOR UNWELDED I/B S.A.E.4130 STEEL

SHEET (NORMALIZED), SURFACE-GROUND BOTH SIDES TO 0.08"

THICKNESS TO REMOVE ROUGHNEss AND SURFACE DECARBURI-

ZATION. I"
B: REFERENCE S-N CURVE FOR UNWELDED VB S.A.E.'413OSTEEL

70 SHEET{NORMALIZED), ESTEDWITH AS-ROLLED SURFACE. 7o

_.,.:

u_
n"
0
0
0

or}
W
iv"
I--
o3

Z

r_
Z
LU
m

60 6O

5O 5O

40 40

V

A

20 20
104 105 106 i07

CYCLES OF REVERSED STRESS

WELD
=

i'BEAD CONTINUOUS, FLUSH.

FBEAD INTERRUPTED, FLUSH.

I-BEAD CONTINUOUS, REINFORCED.

I-BEAD INTERRUPTED_ RE| N FORCE D.

TYPE LOCATION OF FAILURE

p- UNEFFECTED PLATE

t - TOE OFWELD BEAD

w- CENTER OF WELD

FIGURE 30 - BENDING - FATIGUE TESTS OF SINGLE- BEAb

METAL-ARC BUTT WELDS IN I/A-INC H S.A.E.

4130 STEEL SHEET.
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F= . -- ........

Continuous single-bead weld
(face side).

• t .....

.~

21610
Interrupted two-bead weld

(face side).

Figure 31.--Typical plate-bending fatigue fractures at toe of weld bead (face-weld views).

29





NACA TN No. 1261

/

Continuous single-bead weld
(root side).

Failure at toe of face bead.

\

\

Interrupted two-bead weld
(root side).

Failure at toe of face bead.

21611

Figure 32.--Typical plate-bending fatigue fractures at toe of weld bead (root-weld views).
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NACA TN No. 1261 Fig. 33

FIGURE

A--Interrupted two-bead weld (no failure).
B--Continuous two-bead weld (failure in plate at ehange of section).
C--Continuous two-bead weld (failure in center of weld).

21612

33.--Typical plate-bending fatigue fractures in welded specimens with no
reinforcement
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